Objectives: The aim of this study was to evaluate the effect of the precipitate that was formed by combining Sodium Hypochlorite (NaOCl) and Chlorhexidine Gluconate (CHX) on the sealing ability of root canal obturation materials.
INTRODUCTION
It has been shown that microorganisms and their metabolites are the main etiology for the pulp and periapical diseases [1] . Therefore, the success of endodontic treatment critically depends on the degree of microbial control and the quality of treatment [2] . Different intracanal irrigants have been used to minimize the bacterial load in the infected root canals [3] . Sodium hypochlorite (NaOCl) is the most common irrigation solution used during root canal treatments [4] . It is an excellent *Address correspondence to this author at the Dental Research Center, Shahid Beheshti University of Medical Sciences, Evin, Tehran, Zip code: 1983963113, Iran; Tel: +98 21 22413897; Fax: +98 21 22427753; E-mail: h_zohrehei@yahoo.com non-specific proteolytic and antimicrobial agent [4] ; but it is a toxic agent and serious mishap can result from its inappropriate use [5] . In addition, some controversies do exist with regard to sodium hypochlorite's antimicrobial activity at lower concentrations, which are advocated as an attempt to reduce its toxic effects [6] [7] [8] .
The other endodontic irrigation solution that has been used to disinfect root canals is Chlorhexidine gluconate (CHX) [9] . It has been shown that CHX has potent and substantive antimicrobial activity against some resistant bacteria such as Enterococcus faecalis [10] [11] [12] .
Although, CHX is an acceptable antibacterial agent, it is not able to dissolve the remaining pulp tissues during root canal preparation [9] . Furthermore, it has been indicated that the use of combination of NaOCl and CHX during root canal treatments reduces the bacterial load more effectively, and this reduction is significant compared to use of NaOCl alone [13] .
On the other hand, it has been shown that the combination of NaOCl and CHX leads to the formation of a precipitate [14] . The presence of para-chloroaniline (PCA) in the precipitate has been demonstrated by several studies [15] [16] [17] . There is a concern regarding the noxious effects of this precipitate [17] ; such as its cytotoxicity, causing the microleakage and so on.
Since it seems unlikely that a noticeable amount of this combination could be extruded from the apical foramen, its negative influence on sealing ability of the obturation material is more critical than its probable cytotoxic effect.
The aim of this study was to evaluate the effect of the precipitate that was formed by combining NaOCl and CHX on the sealing ability of root canal obturation materials.
MATERIALS AND METHODS
This study was approved by the Ethics Committee of Qazvin University of Medical Sciences, Qazvin, Iran. A total of 100 maxillary anterior teeth were selected. In order to disinfect the extracted teeth, they were stored in 5.25% sodium hypochlorite for an hour and then placed in normal saline before the experiment. For standardization of all specimens to a length of 13±1 mm, the crowns of the teeth were sliced using a diamond disc (Jota, Germany) attached to the laboratorial handpiece. Afterwards, #10 K-files (Maillefer,Dentsply, Tulsa, Switzerland) were inserted into the canals, until the instrument tips were visible at the apical foramen, in so doing the real root canals' length were determined. Working length was established 1.0 mm shorter than real root canal length.
The specimens were prepared, by the ProTaper system (Dentsply Maillefer, Ballaigues, Switzerland) according to the manufacturer's instructions (Table 1) , using a low-torque motor with a constant speed of 300 rpm (ATR Tecnika, Advanced Technology Research, Pistoia, Italy). Patency was obtained with a K-type file size #15. The prepared samples were randomly divided into three experimental Groups (n=30) and two negative and positive control groups (n=5).
In group 1, canals were irrigated with 1.5 mL of 2.5% NaOCl (Kimia Tehran Acid, Tehran, Iran). After root canal instrumentation, in order to remove the smear layer, 3.0 mL of 17% EDTA (Ariadent, Tehran, Iran) were introduced and allowed to remain in the canals for 3 minutes. Next, a final flush with 1.5 mL of 2.5% NaOCl was performed.
In group 2, canals were irrigated with 1.5 mL of 2.5% NaOCl and 1.5 mL of 2% CHX (Prevest Denpro, Jammu, India). Then, smear layers were removed identical to group 1. Afterwards, a final flush with 1.5 mL of 2.5% NaOCl was performed.
In group 3, canals were irrigated the same as group 1; but after the smear layer removal, canals were irrigated again with 1.5 mL of 2.5% NaOCl and then a final flush with 1.5 mL of 2% CHX was performed.
All root canals have been dried with paper points (Ariadent, Tehran, Iran), and then have been obturated using lateral compaction technique with gutta-percha (Gapadent Co., LTD, Korea) and AH26 sealer (DeTrey, Dentsply, Konstanz, Germany). Next, they were stored at 37°C in 95% humidity for 24 hours. After this period of time, the external root surfaces of the specimens were covered with three coats of nail polish and one layer of cyanoacrylate glue (Interlock Co., LTD, Japan) except for an area of 2.0 mm around the root apex.
In control groups, samples were prepared and irrigated the same as group 1, but in positive control group no obturation was performed, while teeth in negative control group were obturated identical to the samples of experimental groups, root surfaces of the specimens of negative control group were completely covered with three coats of nail polish and one layer of cyanoacrylate glue.
Seven days after obturation of root canals, leakage was evaluated by the fluid filtration technique employing a pressure equivalent to 0.5 atmosphere, as described in previous studies [18, 19] . Four measurements were recorded for each tooth at 2-minutes intervals over a period of 8 minutes.
The amount of leakage was expressed as L/min/cmH 2 O. Results were analyzed by the ANOVA and Tukey's test. The significance level was set at 5% for all tests.
RESULTS
The negative control group did not show any apical leakage, while, the positive control group showed the maximum amount of leakage. A statistical significant difference (p<0.05) was observed among the amounts of microleakage in samples of three experimental groups ( Table 2 ).
The samples in group 3 had significantly greater microleakage compared to teeth in group 1, 2 (p<0.05), and the specimens in group 1 showed significantly less amount of microleakage than samples in group 2, 3 (P<0.05). 
DISCUSSION
It has been shown that the outcome of endodontic treatment depends on elimination of microorganisms from the root canal system [2] ; on the other hand, complete removal of root canal bacteria is a very difficult challenge [20] .
As mentioned before, it has been demonstrated that the use of combination of NaOCl and CHX during root canal treatments reduces the bacterial load more effectively [13] ; but we know that the interaction between these two irrigants leads to the formation of a precipitate [14] , and this is a considerable concern for the practitioners.
Schilder stated that the final objective of endodontic procedure is the total obturation of the root canal space [21] . Therefore, the probable negative impacts of the abovementioned precipitate on the sealing ability of the obturation materials could be a serious obstacle to achieve this final objective.
To determine the effect of different irrigants on the sealing ability of obturation materials, various methods have been suggested: polymicrobial leakage, linear dye leakage, fluid filtration, diaphanization, radioisotope labeling and the electrochemical method [22] .
In this study, we employed fluid filtration technique; because using this method, quantitative analysis of endodontic microleakage is achievable [22] . In addition, since very small volume can be recorded in this technique, the results are very accurate [18] .
In order to obturate the root canal systems, gutta-percha and AH26 sealer have been used; because these obturation materials are commonly used in the endodontic procedures [23] .
In this study, we intended to assess the effect of the precipitate that is formed due to interaction between NaOCl and CHX on the sealing ability of obturation materials. That is why we did not try to prevent this precipitate's formation using intermediate and/or final flushes with normal saline or distilled water, although a previous study has shown that using saline and distilled water as intermediate flushes cannot completely prevent formation of this insoluble neutral salt [24] .
In the present study, the least amount of microleakage was observed in the specimens of group 1 where no CHX had been used during root canal irrigation. Therefore, it is obvious that no precipitate had been formed in the root canal system of this group's samples. Conversely, the teeth in group 3 showed the greatest amount of microleakage.
As described before, teeth in group 3 have been irrigated by NaOCl during root canal instrumentation. Afterwards, smear layer was removed, and a final flush with 1.5 mL of NaOCl followed by 1.5 mL of CHX was performed. Thus, it is clear that the formation of the precipitate occurred at the end of the canal irrigation, and there was no chance to wash it out before canal obturation. On the contrary, in the samples of group 2, NaOCl and CHX were used to irrigate the root canals; but after smear layer removal a final flush with 1.5 mL of NaOCl was performed. So, it is possible that some part of the precipitate which had been formed during canal instrumentation were removed by the final flush.
Therefore, it can be assumed that the samples of group 3 had the highest amount of residual precipitate before starting root canal obturation. Consequently, they showed the greatest amount of microleakage.
CONCLUSION
Within the limitations of the present in vitro study, it can be concluded that the presence of the precipitate that is formed due to interaction between NaOCl and CHX has negative effect on the sealing ability of gutta-percha and AH26 sealer.
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